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Abstract
Copper catalysts are widely used in a variety of important commercial reactions. These include synthesis of methanol over copper based catalysts, which were first developed by BASF as early as in 1930s. Other important reactions over copper catalysts are, steam reforming of methanol to produce hydrogen as an energy source for fuel cell applications and in automobile industry as an alternate source of energy. These catalysts are also employed in environmental applications such as in DeNOx and oxidation of CO. These are also applied in the synthesis of glyoxal from glycol, and dehydrogenation of alcohols to aldehydes or ketones like cyclohexanol to cyclohexanone, an intermediate in the production of caprolactam, hydrogenolysis of aliphatic esters to the corresponding alcohols and synthesis of amines. In order to understand the reactivity of copper catalysts, a detailed systematic investigation is undertaken in the present work. The vapour phase dehydrogenation of cyclohexanol and reductive amination of cyclohexanol/cyclohexanone mixture has been chosen as a model reaction to compare the activity of the catalysts on different supports. Keeping the several dehydrogenating metals like Fe, Cu, Ag, Au, Ni, Mn, Zn, Ca, Pt, Pd, Rh, Ru, in view of commercialization, copper appears to be fairly ideal in that it is specific for the reaction and is of high activity as well as relatively inexpensive. Copper is used as a catalyst in supported and unsupported form. Selection of a suitable support is very essential in designing the required catalyst. The importance of copper catalysts from industrial point of view has led to a thorough characterization of these catalysts by sophisticated techniques like X-ray diffractometry (XRD), X-ray photoelectron spectroscopy (XPS), temperature programmed reduction (TPR), electron spin resonance spectroscopy (ESR), UV-Vis diffused reflectance spectroscopy (UV-DRS) etc in order to determine the different oxidation states, dispersion of copper oxide phase and the interaction of the active component with the support etc. The dispersion of the active phase which is a direct measure of catalytic activity is generally dependent on the interaction of active component with the support. The interaction between the support and active component varies with the method of preparation and the support. The major purpose of this investigation is to establish a simple, versatile and inexpensive chemisorption method for measuring the dispersion of copper oxide on various oxides viz., Al 2O 3, ZrO 2, La 2O 3-ZrO 2, SiO 2-ZrO 2, Nb 2O 5 and TiO 2. The nature of the support on dispersion and acivity were investigated. The influence of calcination temperature on the structural and catalytic properties of CuO/Al 2O 3 catalysts using various crystallographic modifications of alumina as support was also studied. The influence of structural stabilizers to ZrO 2 on the activity and dispersion was also presented. For all the catalysts reported in this dissertation work the catalytic properties were evaluated for the vapour phase dehydrogenation of cyclohexanol to cyclohexanone and the reductive amination of cyclohexanol/cyclohexanone to cyclohexyl amines. In Chapter 1 the general introduction about supported copper oxide catalysts and literature survey on the applications and characterization of supported copper catalysts by various techniques like XRD, UV-DRS, ESR, N 2O decomposition method, TPR and ESCA have been provided. In Chapter 2, a brief description of experimental techniques viz., the preparation of various catalysts and their characterization techniques like X-ray diffraction (XRD), UV-Vis diffused reflectance spectroscopy (UV-DRS), electron spin resonance Spectroscopy (ESR), BET surface area, N 2O decomposition, pore size distribution measurements, electron spectroscopy for chemical analysis (ESCA), temperature-programmed reduction (TPR) are provided. The experimental section also consists of the flow diagram of catalytic experiments for the dehydrogenation/reductive amination reaction. In Section A of chapter 3, the physico-chemical characterization results of copper oxide catalysts supported on alumina are provided. Copper oxide catalysts supported on alumina were prepared by impregnation method and characterized by various techniques like XRD, UV-DRS, ESR, BET surface area, N 2O decomposition, pore size distribution measurements, XPS and TPR. The influence of calcination temperature on the structural and catalytic properties of CuO/Al 2O 3 catalysts using various crystallographic modifications of alumina as support was also studied. XRD results of various CuO/Al 2O 3 catalysts have shown the presence of CuO crystallites from 10 wt% of Cu. Dispersion and metal area of copper was measured at 333K from N 2O decomposition by passivation method. At low loadings (<10wt% of Cu) the CuO was found to be present in highly dispersed phase. UV-DRS, ESR and TPR results reveal the presence of two types of copper species on alumina. The dispersion of Cu determined by N 2O decomposition substantiates the findings of XPS and XRD techniques. CuO supported on alumina are found to be highly active for the vapour phase dehydrogenation of cyclohexanol and during the reductive amination of cyclohexanol/cyclohexanone mixture. The catalytic activity during the reductive amination of cyclohexanol/cyclohexanone is directly correlated to the dispersion of copper. In Section B, the structural characterization and surface properties of CuO/ZrO 2 catalysts and CuO supported on lantahna and silica stabilized ZrO 2 catalysts were provided. The catalysts were characterized by XRD, UV-DRS, ESR, N 2O decomposition, BET surface area, pore size distribution measurements, XPS and TPR. XRD results of CuO/ZrO 2 catalysts showed the presence of CuO crystallites from 5 wt% of Cu. XPS results suggest that the copper is in highly dispersed state at lower loadings and the dispersion decreased at higher loadings. UV-DRS, ESR and TPR results reveal the presence of two types of copper species on zirconia. The dispersion of Cu determined by N 2O decomposition substantiates the findings of XPS and XRD techniques. CuO supported on zirconia are found to be highly active for the vapour phase dehydrogenation of cyclohexanol and reductive amination of cyclohexanol/cyclohexanone mixture. Modification of ZrO 2 with La 2O 3 and SiO 2 increased the activity of copper catalysts supported on La 2O 3-ZrO 2 and SiO 2-ZrO 2 catalysts. TPR results suggested that the increase in the reducibility of copper catalysts supported on La 2O 3-ZrO 2 and SiO 2-ZrO 2. The activity of dehydrogenation and reductive amination was found to increase for the copper catalysts supported on the stabilized zirconias. In Section C, the structural and catalytic properties of CuO/Nb 2O 5 catalysts are reported. XRD results reveal the presence of crystalline CuO at higher copper loadings (>2.5%). N 2O decomposition is found to be better method for measuring the dispersion of Cu on niobia. Copper oxide disperses well on niobium oxide. The dispersion of copper oxide on the surface of niobia is increasing up to 2.5% and decreased further at higher loadings. The information obtained by UV-DR spectra, ESR and TPR reveal the presence of two types of copper species on the niobia support. The dispersion of Cu determined by N 2O decomposition substantiates the findings of XPS and XRD. CuO supported on niobia are found to be highly active for the vapour phase dehydrogenation of cyclohexanol. The catalytic activity during the dehydrogenation of cyclohexanol is directly correlated to the dispersion of copper. In Section D, the characterization and catalytic properties of CuO/TiO 2 were discussed in relation with the results of various characterization methods. The XRD results of catalysts show the presence of CuO peaks from the Cu 5 wt% loading along with the phases of anatse and rutile. UV-DRS, ESR and TPR results reveal the presence of two types of copper species on titania. The conversions of cyclohexanol and cyclohexanol/cyclohexanone reactions were found to increase with the increase in copper loading on titania support. The most important conclusions that can be drawn from the present work are: 1. The physico-chemical characteristics determined by employing various spectroscopic and adsorption methods clearly exhibit the interaction between the active phase and support. 2. TPR results suggest that the reducibility of copper oxide supported on various oxides is different from that of pure copper oxide. The redubility of copper oxide depends on the nature of support and the interaction between support and copper oxide. 3. N 2O decomposition by passivation method provides a better measure of dispersion and metal area of copper on various supports. 4. The dispersion and metal area of copper on support are depend on the nature of the support. From N 2O decomposition results it can be concluded that the copper dispersion decreases in the order: CuO/La 2O 3-ZrO 2 > CuO/TiO 2 (Anatase+Rutile) > CuO/SiO 2-ZrO 2 > CuO/ZrO 2 > CuO/Nb 2O 5 ~ CuO/Al 2O 3 5. The dispersion values calculated from X-ray photoelectron spectroscopy and N 2O decomposition results are in good agreement with each other. 6. Pore size distribution measurements of various catalysts are found to be in accordance with BET surface area measurements and XRD results. 7. ESR and UV-DR spectra results of the catalysts revealed the presence of two types of species in the copper oxide catalysts supported on various supports. 8. Acid-base properties were measured from the dehydrogenation activity and the basicity follows the trend: CuO/Al 2O 3 < CuO/La 2O 3-ZrO 2 < CuO/SiO 2-ZrO 2 < CuO/ZrO 2 < CuO/Nb 2O 5 < CuO/TiO 2 (Anatase+Rutile). 9. Dehydrogenation of cyclohexanol activity follow the trend: CuO/Al 2O 3 < CuO/La 2O 3-ZrO 2 < CuO/SiO 2-ZrO 2 < CuO/ZrO 2 < CuO/Nb 2O 5 < CuO/TiO 2 (Anatase+Rutile). 10. Reductive amination of the cyclohexanol/cyclohexanone activity follow the trend: CuO/Al 2O 3 < CuO/La 2O 3-ZrO 2 < CuO/SiO 2-ZrO 2 < CuO/ZrO 2 < CuO/Nb 2O 5 < CuO/TiO 2 (Anatase+Rutile).

